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INTRODUCTION

This is the third progress report on the program
to provide design, fabrication, and testing services
leading to optimum pressurization and propellant feed
ducting systems under National Aeronautiss and Space
Adminigtration - Marshall Space Flight Center Contract
Number NAS11-282.

The period covered by this report is 1 September
through 30 September 196l.

This program is being conducted under the direo-
tion of Solar Aerovspace Engineering with Mr. H. T. Mischel
as Program Manager, Mr. D. E. Henry 1s NASA Contract

Technical Supervisor.



TASK ORDER NO, R-ME~IVaSal

The Phase 1 effort, the candidate material survey, wes completed dur-
ing this period, While an evaluation of all the data gathered during this
survey has not been campleted, a draft of the material survey report is
included as Appendix A. It is envisioned that this evalustion will be oon-
timiing throughout the program with this report being modified continuously,
Thisg report and the data contained therein will form a basis for each of
the directions chosen during the remainder of this program.

During this period evaluations were sufficient to bolster the theory
that low temperatwre fomming with liquid mitrogen could result in some
degree of success at forming materials which had been previously congidered
too difficult for bellows.

Twenty-eix materials were evaluated during this swrvey and it is ob-
vious that a close dcrutiny of all the possible usages is necessary in
order to avoid a program direction whish would result in a too-diluted
coverage of each of the important materials, Therefore, an overall plan
has been formulated for the remsinder of the program. With regard to the
choice of candidate materials, it is envisioned that three (3) basio groups
of materials be investigated. These are the titaniums, the alunimms, and
the work-hardened stainless stesls. The super-alloys, including Inconel
718, while showing properties which are excellent for same applications,
have been studied to a great extent by prior work in the bellows fizld.
Inconel 718 consistently shows itself to have better properties than most



of the other super-alloys, tending to lower the degree of advantage to be
gained by pursuing them. Inconel 718, at the presemt time, is being used
in great quantities by Solar and other duoting mamfacturers on various
stages of Saturn, and work to develop forming techniques with this alloy
is felt to be redundant,

Titaniun

Solar recommends the investigation of cammexedally pure titanium,
T4-55, for its superior formability and T45A12.55n for its superior strength
and high ductility at low temperatwres. It is felt that hot forming tech-
niques are too valusble to dimaiss in this study, and, instructions have
been issued to the Solar Manufactwring Engineering Department to mroceed
with the development of a ocancept for the necessary modifications to exis-
ting forming equipment at Solar in order to result in a sucoessful hot
forming technique.

Ali rmum

It has been found, in the swmxvey, that a camparison of the elongation
properties ve temperature indicates that forming at «320°F would be desir-
able since elongation of most of these materials increases, in some instan-
ces as rnuch as 300%, when the temperature of the material is reduwed to
-320°F during work. Since most alumimm alloys exhibdt this tendenoy, it
has been necessary again to be seleotive using other characteristies of the
naterial, such as strength, weldability and availability, as parameters for
the decision., Therefore, the alloye to be investigated are 5083, 5086,
2219 and 6061,



Work-Hardened Austenitic Stsinless Steels

It has been found that austenitis stainless steels from annealed to
full-hard exhibit this same tendenoy of increasing elongation when reduced
to -320°P. It has long been recogrized that farmability of full-hard
stainless steel at room temperature has been difficult at best, or impos-
sible. Therefore, moet stainless steel bellows are farmed in the annealed
condition and sinos these alloys are nonehardenable by any heat treatment
methods, the low strength and fatigue 1ife of the resultant bellows has
been a function of the original annealed properties. It is envisioned
that by using cold reduced materials, which have strength to dengity ratios
in some instances as high or higher than Inconel 718, that an inexpensive
substitute for Inconel 718 in high pressure systems might be found, The
materials to be investigated in this phase are 3JOLEIC, 316 and 321, Another
interesting facet of this spproach is the possibility of cold wording at
-320°F, Papers on workperformed by Arde-Portland, Tno., and by General
Dynamicg/Astronautiocs, have indicated that austenitic stainless steels,
cold redused at liquid mitrogen temperatures,exhibit mechamical properties
in excess of those materials cold-~reduced at rom temperature,

Since the degres of advancement must be measured by its ultimate usage
in a vehicle system, the plan for pursuing this study program hes developed
into the following basis steps. The material swvey was the initial re-
quirement for any advancement, the gathering of data for eveluation purpo-
ses, so that further work might be directed on materials which show some
degree of possible success. The second phase is the investigation of the

-



properties of the material which are indloative of formability. In general
it is felt that the lower limit of these properties are in the weld gones,
therefore, welding studies will be performed prior to any formability
studies., During this phase weld teciniques will be utilized which will
either guarantee groater degrees of elongation or will be showm to be wn-
acceptable for further formability tests. Following thias weldability study,
actual forming tests will be perfomed on samples of materials by the actual
forming of the bellows themselves. Bellows sampleswill be made with ine
creasing convolution heights to split-out to deterwine the astual limit

of formability. Bellows samples will then be made for engineering evalua-
tion of spring rate, fatigus life, oritical squiim pressures and other pare-
meters which must be considered in the design of an actunal piecs of hardware.
The guiding rule throughout this imvestigation is a step by step procedure
designed to prevent investigation of materials or provesses due to some
problem or inability to demonsirate advantage, would be redundant,

During this period, the T45A12.5Sn material was received. The research
departmeny under the direction of the program manager, prepared a procedure
for performing welding and forming studiss on this alloy. This procedure
is included as Appendix B, The T455 conmeroially pure alloy is expected
at Solar on 19 October.

The conoept for modifying existing forming equipment so that forming
may be accomplished with liquid nitrogen has been formalized and is con-
tained in the report as Appendix C, Instruotions hove been issued to the
namufacturing division at Sol s to proceed with the actual design of the



elements of this equipment and the marmufactwring planning. Aftes investiga-
tion of their results in the next reporting period, instruotions will be
given to oommence omstrustion of the equipment. Instructions have also
been issued to the memifacturing engineering department to proceed with

the development of equipment which will be capable of hot-forming titanium
into bellows.

While an attempt will be made to utilise as much as possible the
excisting tooling at Solar and therefore avoid remaking tools, it has
besn found that in the two areas of hot forming and cold forming it will
be necessary to malee new dles for each of these methods. It is felt that
in oxder to evaluate an advanosment it is necessary to mske or attempt to
make identical bellows at room termperature conditions in the manner pre-
sently used in the industry. Therefare, these new dies will be fabricated
identical to existing tools which are presently being used,

During this period the investigation of the use of high energy rate
forming was contimued, The most feasible and economic spproach gppears to
be electro hydraulic forming, Discussions with representatives from the
Cincinnatd Electro-Shaps Division were beld and a sowroe which has this
equipment has been located, It is proposed that some material be provided
to this vendor fa attampts at fomability and to determine the effect on
material properties, Contact with this vendor will be made in the next

reparting periaod.



PROCRAM GOALS DURING THE NEXT REPORTING PERICD

The designs far the cold forming equipment will be oome
pleted during the next reporting period, and the fabrication
of this equipment will be initiated. The concept feorr hot-
forming titanium bellows will be finaliged and designs for
that equipment will canmence during the next reporting peri-
od. The program for evaluation of the Ti5A12,55n will com-
nence during the next reporting period and should be near
conpletion at the end of that period. The commereially
pure titanium alloy (Ti-55) will be received, procedures
for evaluating welding of that alloy will be oompleted and
instructiona will be given to oammenoe with that program.
The materials previougly mentioned as those chosen for
further evaluation will be plaged on order and mrocedures
for evaluating those welments will be begun,
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I, INIRCDUCTION

It was recucsted that a candidate material study be performed on sheet materials
suitable for ducting and bellows. These materials should have good sirength

and toushress through a temperature range from +800F to -423F. The following
rateriais wort survoyed.

1. INCGIZL 718 19. 9% Ni (ASTM-A353)(2800)
2. ;;VO‘ =L X=750 20. 187% Ni MARAGING STEELS
3, ¥OIZL 21, Z2SZRYLLIUM COPPER (25 ALLOY)
L. H.STELLOY B 22. PURE TITANIUM
5, HASITIIOY C 23, 5 AL-2.5 Sn TITANIUM
6. HZANES 25 (L60S) 2h. 6 AL=-LV TITANIUM
7. BRI il 25. 2014 ALUM
8, .2 62 26, 2219 ALUM
9. A=236 27. 5052 ALUM

10. AISl 301 28. 5033 ALUM

1i. AXS1 304 29, 5086 ALUM

12. AlS1 310 30. 5154 ALUM

1;. 2131 321 , 31. SLSHS ALUM

1h. AXS1 347 32. 6061 ALUM

15. w=155 33. 7039 ALUM

17, A4355

3. ATC 77

In ordcr Lo compile the data for this report, it was necessary to establish

certain ground rules. They are as follows:

1. 2 presantad is only an indication for any given material, It is not to
cnginm cd as a design allowable., IV 1s, generally, an average f{rocm

everal scurces, out it may in scme cases, represent a single sample.
arther, it was found that in any given material, the properties could

vary measurably from heat to heat and from one sheet thickness to another.
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2. ‘liotchid/unnotched tensile ratios are based on data from the heat-treated
or ccld-rolled condition.

TR

(W
*

RN
»i

1cs concentration factor (Xt) of 6.3 was used wherever possible. It
zea found that data from this type of test correlates quite wall with
:8 tzhavior at cryogenic temperatures. This factor (Kt) is based on
ipression Ky e a  where a = half the distance between notches and
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r= root radius of notchese.
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Le OSirength to density ratios are based on yield strength in the heat-trsated
or cold-rollaed condition as noted.
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II.

2.1 NICKEL BASE ALLOYS

rength to density ratio, most of these materials seem to be
inz cardidates for cryogenic application.
~aze as vemperature lowers for all types surveyed. In most
ioas wder the same conditions remained constant or increased.
e ratics rcemained nearly constant and well over .9
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MECHANICAL PROPERTIES DATA

Weid joint efficiencies were low in all

PAGE

Tensile and ultimate

is %aown that in at least one case {Inconel 718) this was because
vested in the as-welded cordition. It is thought that heat treat-
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Teprescies of Sheet Material 800°F ReTe -320°F -L23°%F%

Tensity, lbs/cue in. .295-.297 (1) (2)
Yocalus of “lasticity

isnncalsd +ACED Tensile - 1000 psi 195 232 278

Lt 13257, 8 hrajzcool¥ield - 1000 psi 157 185 205
208 /ny Lo 11008, hoid
o 15 ars, ac Zlong. in 2" 20 32,5 28,2

.031(3) Bearing = 1000 psi (F = 2)

Snear - 1000 nsi

Ject Treated or Tensile - 1000 pai 204 268 288

\,u.d ovied

Condi Tic (3) Yisld = 1000 peil 183 227 239
13.2 2L.5 28

AGED + 207 2 Zlong. in 27
.02 Ecaring - 1000 psi 3 pa2)
Shear - 1000 osi
Stre %o Donsliy lotic = C Pey(2 O"/) 6.18 7.68 8.
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.. . o S 2 . /:“
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a
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A}

LXK or Idguid Fluorine Sensitivity - Yes or No

Therunl Shock Sensitivity _

Kotelid; Tiostehed Tensile Ratio (Ky value) 6.3(3)1.11 1.01 1.02
weld eulny Lrficiencies (sams and dissimilar metalg%)sh 56 61

-eizuiz. to Crack Propagation
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René 62 resists cracking during welding; is -stronger than René 41 below 1350 F.

A NEW nickel-base wrought alloy,
René 62, has been developed to
fill the need for a readily weldable,
high strength mectal for service
at temperatures up to 1500 F.
Because of its freedom from post-
weld cracking, the alloy is ex-
pected to be useful for welded
sheet metal assemblies such as
turbine engine frames. Although
still not commercially available,
six production size heats (sece
table for composition) have bheen
meited and processed to sheet by
three producers,

Cracking and age hardening

Strain age cracking (or post-weld
cracking) is a problem ofien cn-
countered with hign  strengsth
superalloys. During the heat treat-
ment  following  welding, rigid
structures tend to pull theniives
apart because of residual welding
stresses, distortion caused by ag-
ing wreactions, and non-uniform
heating and cooling. When these
high restaining forces cause de-
formation that exceeds the ductil-
ity of the weld area, the structure
will eraek. And while cracking
most often occurs during post-weld

Based on A paper presentod to the oth Na-

tional SAMI'E Symposium, Seattle, Nov 18-
20, 19e3.

COMPOSITION (%) OF RENE 62
COMPARED YO OTHER SUPERALLOYS

Alloys | Rene 62 . Ren 41 In-718
N 1.25 152 ¢ 06
. ... 1 229 | — ' 52
... ol 250 03 08
Mo b} 10 [
... ... |15 19 P19
fe. ... 225 — 18
C ... . 0.05 012 ; 004
Mn. iow 1~ —
Si . iow - k -
8. 001 -1 =
Co —_ 1.3 o=
Ni Bai Bal ! Bai

Lheat tireatment, it can aiso happen
daring webding, particuiarly if the
thickne s of the muterial requires
movre than oue weld pass.

Rene 62 hielps to beat  these
probirms since it is ductile in the
aging temperature range, and be-
cause it aiso has a siow rate of
age hardening that iilows stresses
to be relieved by deformation
before the embrittiing aging re-
action vicurs.

Specitically, the age harvdening
rate for Kené 62 fuiis approxi-
mitely hali-way beiween that of
René 41 and IN-TIR, as Fig 1
shows  TNené 41 must be cooled
from 2350 I to 100v I in 8 sec or
iess in order to maintain a maxi-
mum hardness of 63 Kockwell A.

T

| | R

- "

i H ~7 ”
70'3‘ I‘I Rene ¢/ Rond 62 -
1

- :! ~

L I -

3 x’_ ! N-T18 N
P

: . 7]

v 80— —
z %o

x o —

"— AGING RATE OVER-AGING =

—

in 16n 100 ]

0 ! A P ' ! ! |
0 ol 10? w0 108 0% 350 1430 1350
Agng Tims, nec 100 Hr Aging Temperature, F

1. Aging rate of Rend 62 is midway between that of René 41 and IN-718.

René 62, on the other hand, Jdoes
not reach this hurdness ievel until
approximately 100 scc.

And, while eciongation of René
62 1 at a minimum at lower tem-
peratures, it increases 1o over
20% at 1400 F. René 41 under-
goes a severc drop in ciongation,
e.g., from 20¢, to approximately
8%, around 1300 F and is, there-
fore, more prone to cracking after
welding.

Strength better below 1350 F

Yield and tenstie strengin of Rene
62 are compared with those of
IN-718 and Rlené 41 in Pig 2.
René 62 maintains a strength ad-
vantage over René 41 and IN-713
below 1350 ¥, Above that tem-
perature, strength drops  below
that of René 41 but remuains much
higher than that of IN-T15.

Heat treatment to prvduce the
adesived properties an endé 02 s

as foidows: mill annedd AU 2300 F
for 10 to ou min and water Guclichi.
Age by houding atl 14G0 7 fur 19
hr, air cooviing and re-aging Gt
1209 ¥ for 24 hr, foiiow:! by air
cooling, I possible, woldments
should be solution treateu u second
time before aging in order to re-
lieve fabrication stresses ==
Clsecie No. 600

——
T —

1204— werig =2 N

Stress, 1000ps:

e Tengile strangth
e Yi@kS slrengin

1

]

i

j

|
i { [ i . |
200 400 €00 800 0001200 400

Temperoture,F

3

L
L

2. Comparative strength of Reud 6..

I
Paga Lx



Ty v I
A ket

- s T e
N £ R A A T
-
& S bd e
- ket ‘t{¢CL . S
. - R e Yt P REY - ra an~CT G
oo - .- . O\Jo. PP 3 "43.(J - -l LT
S NS (L)
e e e erar waew M aed
\ e iR (5) 29.1
e LTLICINY e Di T

Sl oo 1s o= A0S0 uzd 5249 - 5L 1y

-~ - ry
- N 3 - I3 7o 9
L i = 200 oo [T (<o

13
¢
.
b
ro
N
NS
\n
-

v
T e o D . e I
- ) . L e
. R -
et n e o S+ e e st e+ =
. P o
S - . i N o -
N IR
<
- N L)
- . P cer N P Y o
- ? B 7 -
- - T o r: \ e/ o N6/ -h//
- . - ~
R ot <5 eV
. b - oo
, PO - o3 D & 3/
. -
h . o B
I R E T AR
: T T LU o5
e - - Ppryyie] P e L)
—— At /
, — Z ~ o~y
F. 0 =z
S e . R L oeee e PPAST T
,-‘- - - R - ~ * P
- . EE -, -
- P Y . B - el W i
’ . : T ey e
vr Y. I 5
P B T .\-1~.u) e et D .
; : 3 . - 7
J S T Land Glooallmell L ledd)
. - e s e o ‘l¢‘~., . P ee
. - - R T - . VoA T £ B e o e AT e e
. - P T N B T L SPYA VR IS o S e WL awasdunieay
- r c e e e e ‘<o EERTE SIS 2o RS § Sl PRVl i

-~ -

\ - Ly
~— VD, e e Ty e ) s Wbl dal TP AW N AU‘.(A\JV}



. [ — - Mw
! 3 .
o
i _ ! N !
i | ..W LEN |
| | b "
{ ! :
, | | |
| |
i
i s )
i i 3
| i - ¢
: 3ot
| . v !
i .
i ; ”
oy :
i “ : o0
-] . Lo
i : ! PO
2 | | 3 R
. -
y « A 8 ;
t : I i
i | ek !
i * s~ L {
o R I
S 3
A i) s-a _.N
1 _mg [} O
<, C
oy =~ -
- TR B e ;
! Tl
L2
j O 2
i rNI.“
¥ o _ /‘/I/L ”
-1 :
1)
) ) 3
&
1
Q
T e T T 9
o) € Q Q e} [o N1
> (6] N t~ -
SO 2 U
I




: S e e = e ey -
. | <| [REPTEE T b

PRy

‘

- - G O cemeeh
. o —Eionganon '
R - ‘ f '
- — . . L e e e e PSS . e e e s - P . - e

; R ; t
‘ Co- '

b Vot [
OPERTILS

.-t

seiepiet g N

£ MICHA
TREILVOOR ;
v LoD DA RSG ALLOY

I

-

B N N BN N AR EE N N N N AR BN T S EN @R B
¢
bee
L
|
\



TIAP T fretreovaran

e Longitudinag: -~
Db
Sy ;
H verse
F N

h

.. -~ it
Dess etk
BTSN
————

L L L U SO

N N EE
i
i
i

s
T
P
¢
P

BRI R
Tiarineaaa, )

e e o s it e e

)
.
:
t
|
i

INg M
RS RV S

e e LT EC Y P SOP RSO ST DD A

- “a ~

S ANICA L PROGPERTIES OF ANNEAL

S .
-— i '
- ‘ o . | :



TN AN s
- A e
D Sl el 08 ey 4 uL
; e e e e
- - - . A T
. N e ey oo N .2 PR a4
ol e 1 D coivico oLreind cels studicd oll
- S~ -y, [T - PR ~e
ve e U oala - vl e PUCUI VIS Sh Ui o & ‘u.a.u:/' TLLVICS &Tg
v - - e - . K ARG Sl S QUUG Y - ~ PR
SU . L2700 T wwios Lodiiinmite sb S in:rcw-, bt
el Lol ZLo ol iinogn Lu s tiopoirawre leers to -220r o4

PR

e e -

PR e

LSRE i A

D . L )
a3 best elenation priianvy
. e e - ——— e .- R
LRl LS e..‘.&,m,»_u.ba [PV -:f;zﬁ
R P, - EEe
~coouced a matericl with fdir

fuachencd ratios work all well over 0450,

i

PAGE 53



™ 8 e N ~ =
. Ve e s - L WP s - B et
) B LI
ol JRZCHNESS
. - “",-C;\ - " Il RSP
. (VAR e le ~3LL72 el 5T
e, - Cle s [
- ~ § Tt [ 2(‘ s -~ O
e o B S - eite e/ 2/0) Ve e PRVIN
N ~ .~ ~
. PR [ £ - Dol 2 ")'7
.. - s e - i —~
T BV S SN Lo o5
: 12 A P . s
o S e ae. L g ]
- - - S, - P 1o, T
PR R TS FUD &y e PN Y
-
. - - 7 N
.. e e D BRI
-
>
- PP .- ~
. - . = - S ol - -
) - - - ~ ey o ~ s
. . - T - o Sl [N
v [ ~ - =
- . e Pl -t [N
R
e
. - o v oep
- T
. . e Dls d’ a8 0, i &
R . - Y
. .. - L [y
DR o G-
.- - - - B N v} e A ,/0-1_7
PPN J
[ c e e
. - SLNE e oy~
. e I PR LR IPTE I N AV Y
X . Gewd iy . 37 e T ey O S
. T IENPI Vs vy Yks or .. IA./.‘. L'.{, Saavivicane Gl 2i ‘n-ﬁ);‘,l\{w (104
. . - . I.Ou ni) S
. CEE \ - S | <Y~ 8 -~ S
veoao-lileirooo oo und dissirdlar metals) 7 92 el
. - . . - P
. el S 2 RV R VN
R
S e o . PR
™ YL L.
R N
PR Cem A e e e
R
Colle
- - o b 1 T e » - 11T e e S e e -
— . i P RO lJ, ity .S. S. SaelLe o Ol e e
4
e

Lo JLL=lIDH~E, ANG 5 SATLRIILD, oo

Sed et s,
2

L ha



o rndat T h ot AT T e

PQv] Z

s (18)

L N
P vV Y]

1t

o
to
o

5 (1)
[&

i
/y

R Y

-/ T
. » T !
P L~ H
PR VA VAV o % !
-~ ~ |
\ - / ™ . | — i
- R ’ . . - |
a0 . < ) I ~N=170 ;
7 ,/ ) i
A
L ‘ , r
N .
9% ) 4
(¥ — -——— — —————— — —

s (s

- P ‘ ‘
~ =Ll ST | |
o - o [—
P . N ./ N el N =220 :
/..“ 1 ! !
l/ ; l |
~_ - | ' |
S — l
z i J
v
‘: i ‘
= . Y e N ’ !
e e . g B !
- X e/ SNSRI N =175

. : H
' e TR | |
!
s - ; !
~ - / - ~
- / 2] - ~
- —ii s No= 212 | .)s."‘l‘x

I G N I BN AN N BN BN BN BN BN En B A E AE EE e
{
e
§

>
-~

~ o

in e vy e
: PRCREN RSN
DAV VI W ¢

-160
URE (°F)

+78

Luwra Dovictions Versus Temperature (301 SS)

100

Paze 55



L
P

2

LR S
RARPD PRRalVIVE

I
t
: |
]
[ES— - - e e -
H i
)
L ry
< oy »ud o U BOu oy 1200 1400 609
CUC L To s ALUnk
T e N N 7y
DA VO VT IEIE AN S

e
-

.
)
t
N
O GITUDINAL JOINT !
™~ BERIE

PRV

{Longiludinal - Joint No.

R e N oeS DAL e dunsT e .
Y PUNEENEN
.-
NOS 3 ;
. O o vou auu 1000 1200 1400 1600

N N -
O=N CUrVe - o

Y

CYCLEY TO FAILURE

1 Suainless Steel (Transverse Joint No.

V)

1)

-

¥

]

v

\r

e



IATTOY-ATOD 20 UOIAVHAL ANOLLVA (1°¢ = Lu) cunoioN

g°!

4!%%...V e 4

1

b e lm— et g 1

AR

|
N CLET G = R el
uoo_nw

-

RRIR

VALA3 o oL

4 A S JOU I S ——— e
S
[

i

vl

LT

TEHELS SSAINIVLS 10¢
1P H4YNDIg

$31240 ' 317 INOILVS

no.‘

Ko

o

ol

BAR 1 o
. ;L// _
PSRN
USSR SRR [P SUPNS JES— I S S ne
~ . ,,.\.lll
v N 7
DN N
e e N -1 23
o N
7_ R4 /
/; N , » o
a\
TSI
. e - _ L R S T |
_ f_,
| RN
- - . N " e S 32
IR S | _
IR “
ity . o A bRV |
Ceon oy | ! !
o i

~J
%)

53



TIILS SSATINIVIS 10€
dITTOY-ATOD 30 YOIAVHIAG INOILVA (1 = L3) amHO1IONND ‘97 3dNOI1a

$31242 ‘3417 3n91L1V4

Paga 58

(] ot o1 0l ot
4 9 [ » £
- _ ~ )
S I N .
aamy l‘lA J!-l._ i { -
! . _
prspuncts. smern  Commarg V-l.l!l.l. — ——— € -iv,.rln |
-3 400 Al ST SR B
° PG o 09
a /./
de i~
-—X ' ! /r
= = . ] / [ ]
7177 + ; .:“ e SN / [ T 8— s ™
ot >/ -4
- Lo 2
T~ oz £}
A TN 7
4002€ % G -
v
T1- B S e ovi £
| 4.1 09
Jo€2P- LV FdD 0%1€ ‘4,038 U o0![ o o8i
‘0L 1V 1idD 0081 "t-Y 'S4 COO"IH2 HLS 3IVNSuIL
'QUVH N4 VYLXI NOILIONOD ‘13ITHS NI 6500 '3unx IV
— L R .!::xmh_ X002



rage SU

T334LS SS3TUVLS 108 ISIV =20 LOIAYVHZA 2Nn9lLvd
$312£2 ‘3417 3N911v4

Ll g0l ¢O! 0! nOWv
v v = o—— 1 T v v T
, _ ! | ! *w | | :
ﬂ _ ! AR m q L o
PUNPRP DU SSUIUED G NIDHD GRS R S T S N SO S SN JUD S ' A S . -
PR _ _ — T | . [ ; 09
‘ ! V! ./ m. “ ; m - | ‘
S . T ! ” _.
iy oy | [y T _ M
- T o D e IR ‘.‘-‘. —. . .. ,v . . + - —~ - — 408
Co : Py . : _ , ,
tot “ “ ' . ! i / ‘ | ! [ ]
| _ | i doil- } ! ! i b : '
S S U S . - SN N . Ce - 5;,,‘_
Cid | _ _ v, o o . S ) i 0 wn
' (I ! o < AmOﬂNv. | : S U i - | w . —{
P ! o ' : C T : ! ; (.
; : N _ ..N L ! - . . ! “ ﬁ . i —w -
. ee B e - { .' .Qv - ; A . /l B - ) - i X I . ,.l P . - - _.VN_ S ~1
- ' i [ o0 v oo i o i _ B~
Q M ! 4002¢-, " h ; P | -
+ w, ¢ i t
S " B R I S R S \ SN oy @
! : N . P . | ; -
* Bl | .,//.,, SRR
! , L B N [t m
N ouhh SIES St Sttt A R St ol St . O © 9 ‘
L b ST
\ ] - | R |
_ b - . 0 o ,w .
w PTTITTTIeo8) dex2P- LV 114D OTLF ‘4.0 oyl -
§ . {
I 0L LY HJD €CO%F 1=y NGH o2 45 ! I “ | “ ._ ‘
s
"CaviH TS VULXI HOILICNSD Liins N fTo0 ' ‘ ; Lo _ P
avra S e L - R TRk
c 22



aze 60

-

%00
P

400

CONDITION
-.€ STR:
} 3450 CPM;

3
e

e

200

- B e

Rs -4,

PPN SV PPN JRRURS S

{
i
'
)
.
1

Y
+
i

IXURE, 0033 IN S
IXTRA FULL HARD, 170

YCLES NOTED (803

i
¥
-
/
|
{

—_
i
j
!
S
o]
TURE
-
-t N

JLESS
224

- a

a

T [ 4 »

c 3 ﬁ SRS

8 ¢t
. A ; . —
v “W \ . HJX_ v .v h.uH
- ., S — i P L . .

[REEUUPIUTINY SEUPUSIIRUTIS I SN £ e
A..!.

NS RN SRR L

|
;
1
)
3
.
{
3
;
-0 -30U

VI ‘. LT T T, T T T e T Ty
& 2 3 > I~ ~ 2 O ¥

7!
6
i5¢
164G
13C
2
!

€ m -
tsd TSGINLS




BN OND GBS 0N N NN N N &N Ga NN MG .G N Bm Ew AN e [

Nowm oy

mLTA TABLE I DATE Septorver Zu, 1704

St .

ALISD T minoenTiTss SHEET THICKNESS 0.012
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Pearorut e of Srnsot suterial LOOOF ReTa ~320°F =25

g

ennity, ats/cu. in. Ol24
swdulas of Blasticity S04 Cl.Re 25.5 27.1 276
Anccaled - Teasile - 1000 psi (2) 99 220 275
Tield - 1000 psi (2) 58 68 75

Llonr. in 2 (2) 79 L2 e

p

fewl Trozicd or Tencile - 1000 psi 150 22 ars
Cold Zoriad
Ceriition Jield ~ 1000 psi 158 195 234

Y00 Cui Zlong. dn 2¢ 2.5 26.5 1.5
soaring - 100C psi g a2)
Sneuar = 1000 psi
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Ve
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Impect Stre (Coirpr), L. lb.
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e e a ®
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T0X or Lizuid Fluorine Sensitivity - Yes or No LOX ok, Fluorine ok if poscivated
horzmal Cnock Sensitivity

6.3 ~
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TABLE I DATE_ cepterber 2iy, 1961

ALLOY 710 STATNITSS SHEET THICKNESS 020
Procorties o Sheat Material 2CQ°F R.T. -320°F -L23%7
Teasity, lbs/cu. in. .287 2L 28.5 26.L 2543
“odelus of mlasticity 85 15C 150
Ansealed Tensile - 1000 psi 39 70 95
Yield - 1000 psi LS 70 40
Elong. in 2"
. Bearing - 1000 psai (g z2)
Shear = 1000 psi
Zuat Troated or Tonsile - 1000 psi 181 251 290
(51d Woriked .
Condition Yield - 10C0 psi 157 223 261
75% COLD RCLLED Zlong. in 27 2 10 5
Searing - 1000 psi g . 2)
Shear - 1000 psi
Str. to Doasiy Patic - EEX(IO'S) 5.2 7.69 9.0
3

Impuet Sur. (Csrpy), fr. 1b.
Fatisue Stre. Ourves at indicated terps.
Hernriant
LA or Lixnid Fluorine Sensitivity - Yes or No LOX ok, Fluorine ok passivatied

Tnerral Chock Sensitivity

Notcizd/Urinotched Tensile Ratio (Xy value) 1.07 1.11 1.12
Weld Joint rfficiencies (sam2 and dissimilar motals) |9 66 70

iesisiwance to Crack Propagation
Forrnpility EXCELLENT
Cleanability

iveilabLility ALL FORYS

~

Coat

™.

SOURCE - GeDo ARDC TR 59-66, DEPT OF COMMERCE BURZAU OF STDS, ASD-TDR-62-238,
:-ut}-ruu-62- (.SO
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T.BLE I DATE _ Septorior 20, 1670

ALIOY  nhn e SHEET THICKNESS __ 0.053

crtlos of Shect Material 800°F R.T. -320°F

]
I~
~
[

[v]
»ay

Fodalus of rtlasticity
ansezled Tensile ~ 1000 psi 88.9 203 2Lk
As received . o
Yield - 1000 psi Juel 465 £3.b
Elong. in 2" Sqe8 © L33 3345
Bearing - 1000 pai (5 = 2)

Sreur = 100G psi

nelt Troated or Tensile - 1000 et 16 252 318
Celd Worked

Condition Tield - 1000 psi 147 219 0o

35» Colid Vork Eloay. in 2" 3.8 10 2.3
REsTatA

bW X S ODY

Suaring - 1000 psi g - 2)
Shear = 1000 psi

Sire W DG:}SiCy Datio - Et (.‘0_5) 6-1&5 802‘4 .73
—.X FY
/4)

c—

EXI R o

<t

Siure (Crurpy), ft. 1b.
fatipue Stre Curves at indicated temps.

T5 e
Sl A8t

LX or Liguid Fluorine Sonsitivity - Yes or No LOX ok, Flucrire ok if passivated

Yhormal Shoeck Seasitivity

6.3 (annealed
fotched/Unrotched Yiasile Ratlo (Ky value) .98 35% C.R. 59 -

+.16 1.29 1.09
Weld volnt kfficlcncies (same and dissimilar metals)

c,
[

ftesivtance to Creck Propagation )

Foriatildty Verles uirectly as Ni content -10-12% Ni for severe deep draw &
spinnirgs.

Clesnability

Avalliabiiity Full cormmercial range

Cost
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: [ etrength ¢ or st extenmon i Reduo- !
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Clane | Condition | wum ‘ . area | ;
! or temper ' except ! ! (Fini- | . Rock-
; " where a ! , Extrn- | ! l 2mum)’ Brneli | well
| A'rmg.iu Mini- | sien L0015, Q016 | 0031 ; i B
X | shown) | mum under | and ‘ tn " and i { . Scale
. ! i ¥ . B
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T U A Thowa 30,000 i 40 40 W 200 9
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8 Nut applinsb'e v matenal O G50 inck thaek or Jeas.
¥ Not applicab e o uaterial tnder § 005 ch thiekness

material. Heat trestment shali e as foliows;
Heat 10 1400° = 25°F for 1Y) Lours and cool
in air; follow oy water quenching within 1
nour to GO*F, wlus O minus 10°F. for & min-
imum time of 44 hour. Heut to 1030° == 10°F.
for 134 hours and &ir cool to room tempera-
ture,

2.7 Resistance to lalergranular corrosion
{pracipitated carbides) —~Classes 304 and 316

6

- ——— o e

See 360 (e bera
yotwo wreent for materiad over 0 050 inch thooy

sawel 0F mirp utvier O 010 inch, Lae v

requins mente.)

4 etrerngth ahaii be 65000 p.e, i, mavimu:n

in thicknesses up to 2 inches, mciusive, and
clirses & \)411 310[1 321 . ntl, 34500 all thicks
nes-es shall be free {rom precipitated car-
hidea which result in intergrinuiar corrosion.
Class 304 and 316 material will be acceptable
oniy if unsensitized specimens pass the em-
brittlement test specified in 4.4.3. Class 304L,
316L, 321, 347, and 348 material will be ac-
ceptable only if sensitized specimens pass the
embrittlement test.
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ALLOY  A157-347 Stesl

TABLE I

DATE

4

Septe

mucr 2

il £
L, 104
dy 195L

SHEET THICKNESS Full corrercial rare

Proreoreuies of Sheet Material 80C°F R.T. -320°F -, 2397
Density, lbs/cu. in.0.287-0.292
Yodulus of rlasticity 300
Annealed Tensile - 1000 psi 94 26 232
Yield = 1000 psi 36 50 £5
Zlong. in 2" 63 L2
Bearing - 1000 psi (% = 2)
Shear = 1000 psi
cat Troatec or Tensile -~ 1000 psi 110 198 243
Cold Worked
Cordition Tield - 1000 psi 70 IR 102
1C5 Ccld Drawm Elong. in 2" L7 L 37
Boaring < 1000 psi 8 s 2)
Snear - 1000 psi
Str. to Density Ratic -, ._5%1(10-5) 2.4 3.24 3.52

Irpzact Str. (Charpy)g ft. 1b. §2

Jaitipue Stre Curves at indicated terps.

O O T
SLITIGE

Ll or L.oguid rluorine Sensitivity - Yes or No LOX ok, rluorine ok passivated

Tnormal Snock Sensitivity

Jotched/Unnotchiod Tensile atio (K¢ value)

Vcld Jodnt »fficiencies (sams and dissimilar metals) Mora difficult than other
> e Jse type 3C4L rod should be stress relieved.
itosistancs to Crack Propagation

Foriability
Cleenabllity
Availability

Cost

Good if Ni content high  Stress relief recommended

Source: Cryogenic materials data handbook US Dept of Cormerce
ARDC TR 59-66, ASD~TDR-62-250
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seueo September 24, 1964

rePporT ER 1552 - J

2.3 PRECIPITATION HARDENING ST/.['.Z3S STLELS

Only two stesls in this class wer: studiede. Neither of them secms 10 be
appiicable for temperatures below -32CF, cince they becone brittle below

that temperature. Notched/unnotched ratios drop rapidly below room
temperature.
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TARLE I
innen 4

ALLOY ot 320 SHEET THICKNESS

Zroportics oFf Sheot Material

A00°F ReT.

DA I"_ 5S¢ 70»,,w\,r

(]
r-
rny
\a?

G
ryj

Deasity, 1lbs/cu. in. 232
“odalus of Llasticity 19.8 26.2
aancaled Tensile - 1000 psi 3849 158
oD - H Yield - 1000 psi  35.8 59
bearing = 1000 psi !% T 2u.l 124

Slhear = 2000 psi 4343 1.4

LS4

D
i
o

ngat Treated or
Cold vorked
Condition

Tunslle ~ 1000 psi 190 179

Ti9ld - 1000 psi  1.10 153

>e Lionge in 2" 13.6

F scaring - 1000 psi S s 2)360 L10

Snear - 1000 psi 102 120

Stre o Lensiiv Iutio - ;::'10'5 390
Impuct Sur. (Crurpy), ft. ibo. 51

0

OX or Liguid Iluorine Sunsitivity - Yes or No

Thermal Snock Sensitivity
fotehid/Uniotched Toasila fatlo (Xy value)

Weld Joint iffici{oicie. .vame and digsimilar metals)

- ﬂ‘u-» e - e 1 - ~r:\ ?v“ m b \] m> oy
Resistancs to Crack Propujation  ERITTLE AT LOW T2M
T e % e - TR R TR R SN TR N
Forzabilitr RECRTNVVIADI S PN

Availablliity

coat

et e B o Ve BiNaRe ¢ e YA M
u\/)\.uu LRE WiV A.., -

Juna LAIALS HAI DB
DUIC PAROAT 112, w2 TR 58-336, AD-T aﬁ.ég-z;

ASD-TDR=63=116

o0

252

be50

Payce 81
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T T e

Aoliiws L DATE
—————
- A e . -2 v e ~
ALLLY 107 555 3TUTNIUIS SaznT THICKNESS 0.032
P sap=tii o A Th L b d e i a {mAOv_‘ v, m PNt p oG
Fearuv Il €3 AL AN ¢ IRYSTSIUR ERSUAFR T el U 18 § RVLV Heie ‘éof\-‘ r - Zi7r

Dsuaslty, ibs/cu. in. 23]
Yodalus of rlasticity 25.3 3.1 27.9 2B.L
Annealed Tensile - 1000 psi 185
Yield - 1000 psi 60

Elong. in 2% 30

ey

‘et Lrcated or
oid VWorxed
Condition Tield - 1000 psi 154 278 328 329
OT ') 2;.:;12 Y

EXNILRTD clonf.e ino2m 7.4 5.4 9.5 o

l¢]

SIS

L
lDOCA‘ . N AA (¢] v
NESIVS DUV BRI ViRt b - B 2) B2 «‘4‘9
-
Cicar = LCL0 nal 117 139
Str. o Densiiry Tatic - f;~;jg—§> 9407 11.65 13.53

Tt Seaa AL, - .
ATPECT OLre (Lhld 'Sy 1 b,

. < - - 4 S8 e PO .
Fatigue Str. Curves ot indlcatas LErDb.

.
Rermarust

ILX or Liguid Flucrine Sunsitivit: - Yes or o
Thermal Shack Sensitivity
Rotehed/Unnotehed Tunsile Matio (Hy vulue) .65 RS o3

weld Joint Lfficiencies {same and dissimilar metals)7s 77 L

Pormadility  Relatively orittie even at 788
Cleanability

AiVa &lub .Llity

o
&)
b
rey
e}
H
ta

Cost
SOUCE - @, TH XeCumn Allegheny, ASD-TDA-01-529, ASD-TDRw52-258
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CYCLES TO FAILURE
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° 200 «wo 0060 ) 1000 1200 1600 1800
CYCLES TO FAILURE
Figure 74. S-N Curve - 310 Stainless Steel (Transverse - Joint No. 2)
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Figure 75. S-N Curve - AM-355 Stainless Steel (Longitudinal - Joint No. 1)
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280 — . .
{ NOTE- THRANSVERSE JOINT !
280 ! NUMIER 1 i
! : ' : 5
24¢ i ; . . ) !
i ' i . T
| ! ‘
| [
220 L ‘ ; ‘ |
\ I
| f :
200 \ t + !
76" F! | ! !
180 ' .L i '
F= i ! i i :
2 : ; ] f
- 360 : , — - I +
Py i
g | ‘ 7 ’.
Lo 0 ; - -y r i
! : ‘
¥
120 + e e e
4 i . :
100 ,;T%, e s - e e 1
. f ‘ ; ‘:
- i !
# -320° F ; R ;
i i H
\ - | t
60 P : N i i ! |
\L~ i-423°F ;‘ } I ; .
40 i i . : | | J
° 200 400 .00 w00 1000 1100 1400 1600

CYCLES TO FAILURE

Figure 76. S-N Curve - AM-355 Stainless Steel (Transverse - Joint No. 1)
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Figure 77, S-N Curve - AM-355 Stainless Steel (Longitudinal - Joint No. 2)
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REroRT IR 1552
ISSUED Saptember 21‘4, 196)4

2.4 AFC T7

This steal is a fairly recent development of the CR-MO-CO type 2lloyse. it
was originally developed as a high temperaturs alloy which displayed excel-
lent combinations of properties. Very little testing seems to have Lgoon
done at subezero temperatures. If the available data is any indication,
i.8. no decrease in elongation down to -110F amd high strength to density
ratio, this material is certainly a candidate for further study.
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T/RLE I DATE S~ .% Lok
R . e - ~ e s

ALIOY 10 77 SHZoT THICKNESS 0.025-0.200

DPocrertles of Shizgt Muterial TLUCE HeTe =1101" -32007 - 2397

P -~ 47 ~, 7
Arneaaed Tensile - 1000 pa.. 227 262
. R e 1 T
Aucsanitized G a0
N - - R ;. h] EESESY -
, hry, 0ll ouenched & Yield - 1000 psi w2 213
S Dmvn L
coclid « 10OF 4 oar
oy TO0 ‘, Tigror, 4 ‘ ~ -
~Cii) ]Uv;" 2"’2 ol SLA0Te 2N 24 s 1.1
- - N Y .
SELTINT = 1000 Peae \e = 2,’
at
- -
b Sl = Lo -a
. /. . .
s ! e .
.- ;e o a~ L -~ N ; e
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2.5 NICXEL STEEZLS

Very little information seems to have beon published on 94 Ni (ASTY A353).

From what 1is available, however, it would seem that more testing should be
accomplished.

The 16% Ki Ma aging steel seems promising in the annealed state (cevers
erbrittlement at =L23F in the aycd condition). 3Slongation holds fairly well
and strength todensity ratio is gcod.
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2.6 BERILLIUM CGPFER

The strensth density ratios of this material are low compared to soms of the
stcels. The material does have other properties which qualify it for cryogenic
uszge, narely, it is as tough at -L23F as it 1s at rocm temperature. It also

retzinsg its cuctility. It would be most appropriate for springs, electrical
components, etc.
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2.7 TITANIUM ALLOYS

Because of the very high strength to ceasity ratios for the materials studied
they socem to te cxcellent candidates for eryogenic structures. With the
exception of tha camercial production Ti54-1-2,5 Sn all materials studicd
werc of the extra low interstitial type. It has been fourd that an oxygen
content in excess of 0.,03% tends to causa embrittlement at cryocenic temzerw

atures. It must be pointed out also that titanium alloys are not compatible
with fluorine.
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NOTCHED TENSILE STRENGTH (KSI)

NOTCHED/UNNOTCHED TENSILE STRENGTH RATIO
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Figure 7.

Notched Tensile Properties vs, Temperature for

Three Heats of Ti-5Al1-2.5 Sn, GD/A Specification 0-71010
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ISSUED Sept 214, 1964 Y

2.8 ALUMINUM ALLOYS

Most aluminun alloys are suitable for cryogenic stiructures due to thelr fairly

high strength and good weldability. In most cases ductdlity at low tempsratures

is alsc good, as is the strength to density ratio. Notched/unnotched ratios are
* for the rost part in excess of 0,90.
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Paper C-1

Fatigue tests were poriormed o provide stress Vs nuxoer of
cycles to falliure (S/N) curves at 7¢, <320, and -423°F. A stress
ratio (R) of -1 was used for ail siuminum specizens. Tae titanium
specimens were not sufficiently {iat to permic fully reversed
stressing and were tested under tension/tension loading 2t a
stress ratio of 0.01. Fatijue testoe on welded Ti-13V-l1iCr-3Al
were not performed.

Fatigue test resuits ore

(XY

Bicees, Va0

Teoaee

[Ty

Kaeie zs Trmat -

A a b

ilivelrated in TFig. 2 thru §.

s
Yatigue lQrope
i 3 A
Aluninum Allo
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APPENDIX B

WELDING AND FORMING EVALUATION POR T4i6A12.05Sn R-64112
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RESEARCH N'g?” MEMORANDUM
2200 A iy ciramany . as Ui, T
R-6l112
Saptimbor 29, 1964
TO: H. T. Mischel ' S Vg~
eo: J. V. Len?/\i. A. Compton FROM: P. J. Valdes
Pile (NV o Research Engineer - &t
[

SUBJECT 1 NASA CONTRACT: IMPROVING & DEVELOPING METHODS

FOR THE FORMING OF BELLOWS. (MECHANICAL

PROPERTIRS EVALUATION)

Reference: RFE 9/23/6L, EWO 60113L3

Two important properties that need be known in foming and shaping a material
are its resistance to plastic flow (strength) and its ductility. The first
mentioned property determines the sise of machinery needed for the forming
operation, the second determines the maximum allowabls deformation a material
can experience without fracturing. Factors affecting ductility are:

. Tenmperature

- Crystal Structure
. Prior processing
. Strain Rate

Many laboratory tests have been devised to measure ductility with the objective
of eimilating fabricating conditions. The most common methods are: measurement
of reduction in area and elongation in tension tests, measurement of number of
twists to fracture in a torsion test, measurement of depth on cup tests, and

measuremsnt of angle of bending upon appearance of first visible crack in bend
'“lta. ,
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The present evaluation will include tensile tests, bend ductility tests, and
cup tests from =320 to 800F on titanium alloy A-110AT (Ti-SAL-2.55n) of both
electron beam and tungsten inert arc welds in the following conditions:

. As welded (Weld to be transverse to direction of rolling om all specimens)
. As welded and stress relieved 15 Min at 1200F

. As welded, stress relieved at 12007, planished, amealed at 1500F for 30
minutes.

A minimum of (2) two specimens will be tested in each condition at each test
temperature., The technical data evglved from research, development, and
advanocement of capebility will be used to assist in obtaining optimum design
and process data, manufacturing techniques, and in process control criteria.
Scops of the present program is shown in Figure 1.

- FIGURE I

As Received, Electron Beam, and 'fungsten Inert Arc Welded Ti-G5AL-2,.5 Sn

TENSILE TESTS
! ¥
320P T5F 800F
y
CUP TESTS

|-320F "ISF | 800F

INSTRIMENTED BEND TESTS

= =) G
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R=64112
Page 3

TO0: H. T, Mischel

TEST SPECIMENS

Tensile test roimn to be used in the present investigation will be of the
single pin standard flat type (Fig. 2). The weld gone of the welded specimens
will be located at the mid-spen of the reduced section.

FIGORE 2

9 =

p
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WELD

Cup test specimens will be sheared to 1.8 inch diameter with the weld located
in the mid-section of the dise, (Migure 3).
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R-E1112 September 29, 19484
T0: H. T. ¥izchel Pare L

Bend test specimbnts (Fig. L) will sheared to 500" x 1.00" with the weld
centered and parallel to the length of the specimen, Thus, in testing, the
axis of the bending radius will be normal to the direction of the weld so that
fusion zona, the heat affected zone, and the parent material will all experience
the same angle of bend,

FIGURE 4

R T T

BQUIPMENT |

The Ti-S5AL-2.55n alloy will undoubtsdly require specialiszed equipment and
artificial enviaraments to perform testing, fabrication, joining, in-process
control and inspection operations. Studies in this area will be concerned
with developing the requirsments, justifications and specifications for this
equiman‘b.
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APFENDIX C

CRYOGENIC FORNXING MECHANISM PROPOSAL
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A, Assizrment
Aeroséace Yanufactirin- was requaested to perform preliminary s*udy to deter-
mine a forriny technique at -320° utilizinz liguid nitrogen, Such sssirrment
was remuested by H, Mischel, "roiect 3Ingineer, under Fnginearins Work Trder
6501310, The request asked for -

« ramfacturing anproaches,
« racilities.
e Tooling,

'

o Schematic drawin»s and nhotograpns of the proposed system,

B. Diseussion

LH? forming experiences in Aerospace Manufacturing hav: been limited to
information contained in technical vublications and in-plant discussions

from time to time in the past several months, It is considered by Mani-
facturing to be a significant advancement in the "state ¢f the art", It

is recognized that careful handlinz in formins of this type is mandatory,
therefore safety factors regarding the manufacturing ocortions of the vro- .
Ject of the project were given special consideration,

“our major areas of activity have been reviewed -
» Fracilities,
e« Tooling,
+ Yanufacturing approach.

o Safety factors,

facilities

The Solar develored bellows forrins rress now in.operation in vepartment 17
(Aircraft Bellows) has be=n selected for the development., The facility is
loaded aprroximately LO% at the present time, which orovides us with ample
time for this task, The facility has the features deemed necessary for the test

program, such as capability of remeating to close tolerances and sconomical to
tool. ‘

The ~rorosed forming nrocess is such that rmaterials are not drawn throush or
over any die surface, During the forminz orveratinn, the die moves with the
matorial which has been pre-get to nroduce a convolution of a calculated elonra-
tion, therefore minimizing or =linirating die marks in the drawn area,




The facility is isolated in the bellows forming department and is not near a
main traffic aisle thus helpful recarding the safety aspects of the machine,
Subnertine facilities, such as nrecision shears, welders, sizing emiimment, ate.,
are in the adiacent area., The attached photorraon illustrates the facility and
the accessibiiity to cbserviny forminz oreration,

Tooling

A 3" diameter, one convolution bellows has been established for first snmroach,
with this established apnroach, the tool desisn can be minimized Ly using a
tabulated type of desicn currently existing, Tooling materials rust we similar
to formed specimen material thus minimizinz shrinkage differentials, This also
considers ordinary steels are extremely trittle 3t cryogenic temveratures,
Materials considered for tools are Inco X, Inconel 26 and, in some zress,

Type 321. The upoer and lower dies will te &" in diameter insulated from the
oress base, A vaguum jacketed centainer will surround the lower die ard te of
gufficient denth to cover upover die during the nreefomm and forming ~ycles
{Operation 3 in Manufacturing Plan), Adiustable set blocks will be necessury to
control die oveninzs {Operation 2 in Manuiacturin- Plan), Tools will he gapable
of producing sarples at room terneratures ad sub-zero termeratures vith no
modification except in the areas of rressure s=alinz,

~

~

4

“amfacturing Annroach

Ae oreviously stated, the bellows will be a one convolution tvpe, Matorial razes
from 00" through ,020 range reguirin a low forming vressure, The ~r-nosed
method of obtainine pre-form and formin: onressures is %o intreoduce a rre-determined
quantity of LN2 inside the tube, Gas from the INg (Oneration 3 in Mamifacturing
Mlan) will be regulated at the desired rressire, It should te noted that only
tellows reocuiring low forming pressure can b2 orgduced in this mannst du- to

safetv hazards, Standard manufacturins anproaches for dimensional control are

a6 shown in the attached rhotosranh.s,

Manufacturing Plan

Basie operations will be to shear, weld and size precision cylinders of the
varicus materials to be tested, Welds will be radio-ranhic inspected as required,
Samples will bte formed at both room temperstures and sub-zeros 3200,

1, Place tube in die base,

2. Lower top die to set blocks.

3. Introduce LN» to cavity around dies. Hold until stabilized.
L, Pour rre-determined amount of 1y inside tuke to be formed,
S Form rrimary bulze,

6, Hold pressure in cavity,

7. Firisk forr convolution,

8, Remove form dies,

3

Operations #3 and #L will be omitted when forrins room temperature srecirmen,




-3
Safety
T™he working side of the facility will be -rotected by swinging doecr of Plexd-lass,

Possibly some stainless stesl wire resh will ve utilized. Just vrior to forming,
the LNo in the open container will te drawn off, This will elirinate the ~ossi.-
bility of LNp beinc blown throughout the area in the event of nart rupture,

Cevelepment Costs

Tentative costs for the rrogram are based on vreliminary information obtained .
from the enzineering directives and ranufacturing investi-atiors,

a, Prevaration of samples, machine set up '
and forming onerations at room temperature, 22 hours per samnle

’

b, FPreraration of samples, rachine set up
and forming operztions at =-3207 formed
sa~nles, 36 hours per szrple

it i3 consilered ner urevious discussiens that raterial for a and L abtove will

be furnished by Sngine‘ring. Varufacturing ngineering will . remire 120 ors

to finalize %4ne tasgic nlan, generate ‘ooling remiirements and maintair surveillatce
cf develomrent werk in —rocess, Tooling aurroaches are estimated to cost 350

nours for tools and pronfin- operations and 600 for naterials,

Sumation
b 3540

Since LN, forming is a new concept, the anproach and sugrested techninues of the
4uvestlvat*ng Team will possibly require medification as evrerience is rained.
To minimize varisbles, an established =2nmnrrach to bellcws formir~ wis chogen,
Becords will be kept of all activities and nrogress rencris will he nresented
after ~ach 7rajer chase of the -roject is comnleted,
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